The selection of recipient vessels that are suitable for microvascular anastomosis in the head and neck region is one of many components that is essential for successful free tissue transfer. The purpose of this study was to evaluate a set of factors that are related to the recipient artery and vein and to determine how these factors influence flap survival. A retrospective review of 102 patients over a 5-year consecutive period was completed. Indications for microvascular reconstruction included tumor ablation (n ϭ 76), trauma (n ϭ 13), and chronic wounds or facial paralysis (n ϭ 13). The most frequently used recipient artery and vein included the facial, superficial temporal, superior thyroid, carotid, and jugular. Various factors that were related to the recipient vessels were analyzed and included patient age, recipient artery and vein, diabetes mellitus, tobacco use, the timing of reconstruction, the method of anastomosis, previous radiation therapy, creation of an arteriovenous loop, and use of an interposition vein graft. Successful free tissue transfer was obtained in 97 of 102 flaps (95%). Flap failure was the result of venous thrombosis in 4 and arterial thrombosis in 1. Statistical analysis demonstrated that anastomotic failure was associated with an arteriovenous loop (2 of 5, P ϭ 0.03) and tobacco use (3 of 5, P ϭ 0.03). Flap failure was not related to patient age, choice of recipient vessel, diabetes mellitus, previous irradiation, the method of arterial or venous anastomosis, use of an interposition vein graft, or the timing of reconstruction. 2004;52: 148 -155) T he selection of recipient vessels that are suitable for microvascular anastomosis within the head and neck is an important component affecting patency. The vascular anatomy of the head and neck is complex with numerous arteries and veins from which to choose.
T he selection of recipient vessels that are suitable for microvascular anastomosis within the head and neck is an important component affecting patency. The vascular anatomy of the head and neck is complex with numerous arteries and veins from which to choose. 1, 2 The decision is usually based on the location of the defect and the proximity of a recipient artery and vein. Recipient vessels that are in close proximity to the defect are usually anastomosed to the donor vessels in an end-to-end or end-to-side fashion. However, in circumstances in which the local vascular access is not available or when the quality of the local vasculature is inadequate, remote vascular access could be required. [3] [4] [5] There are a variety of factors that can influence the access and quality of recipient vessels. These can include patient age, 6 -8 tobacco use, 9 -11 diabetes mellitus, [12] [13] [14] [15] prior radiation therapy, 1,16 -18 and prior operative procedures. 3,19 -21 Other factors such as the timing of reconstruction, 22 method of anastomosis, [23] [24] [25] and the length of the vascular pedicle 26 -29 are also important considerations. The effects of these factors on the patency of a vascular anastomosis have been previously studied; however, most of these studies were designed to evaluate each factor as an isolated variable. A multifactorial analysis has not been performed. Thus, it was the intent of this study to review a set of factors related to the recipient artery and vein, and to determine how these factors influence the anastomotic patency and survival of free tissue transfer in the head and neck.
MATERIALS AND METHODS
This is a retrospective review of 102 patients over a 5-year consecutive period. Included were 73 men and 29 women with a mean age of 53 years (range, 10 -85 years). Indications for microvascular reconstruction included tumor ablation in 76 patients, trauma in 13 patients, and chronic wounds or facial paralysis in 13 patients. The location of the defects, types of flaps, recipient arteries, and recipient veins are listed in Figures 1, 2, 3 , and 4. Factors that were considered relevant to the recipient artery and vein were analyzed and included patient age, diabetes mellitus, the specific artery and vein, tobacco use (Ͼ10 cigarettes per day), prior radia-tion therapy, timing of the reconstruction (immediate or delayed), creation of an arteriovenous loop, use of an interposition vein graft, and type of vascular anastomosis (endto-end or end-to-side). Statistical analysis was performed with logistic regression analysis using Chi-squared and Fisher exact test.
Selection of Recipient Vessels
The algorithm for selection of the recipient vessels is based on the location of the acquired defect and the proximity of the recipient vessels. In general, for defects located in the upper third of the head, the superficial temporal artery and vein were usually selected. For defects located in the mid and lower third of the face, the facial as well as superior thyroid artery and vein were usually used. For defects located in the neck, the carotid and jugular vessels as well as their various branches were frequently used. In all regions, an end-to-end anastomosis was performed when possible. However, when an end-to-end anastomosis was not possible as a result of a significant difference in the diameter of the lumen or because of poor-quality vessels, an end-to-side anastomosis was performed.
In situations in which the primary recipient vessel was no longer available as a result of previous ablation, prior free tissue transfer, or poor quality or caliber, selection of alternative recipient vessels was necessary. These alternative vessels were often at a greater distance from the primary defect that resulted in the length of the vascular pedicle becoming a limiting factor. Options to increase the length of the vascular pedicle included selection of an alternative flap with a longer vascular pedicle, use of an interposition vein graft, or creation of an arteriovenous loop. 5, 27, 30 The decision to use an interposition vein graft or arteriovenous loop was based on the distance between the recipient and flap vessels. The conduit material for grafts and FIGURE 1. The recipient arteries are tabulated. FA ϭ facial artery; Stem ϭ superficial temporal artery; Sthy ϭ superior thyroid artery; Car ϭ carotid artery; AP ϭ ascending pharyngeal artery; LA ϭ lingual artery; PO ϭ posterior occipital artery; TC ϭ transverse cervical artery; IMA ϭ internal mammary artery. 
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Recipient Vessel Analysis loops was saphenous vein in all cases. In general, when the gap was less than 10 cm, a reversed interposition vein graft was used; when the anticipated gap was greater than 10 cm, a reversed arteriovenous loop was created. Acquired defects requiring an arteriovenous loop were usually located on the scalp or forehead when the principal recipient vessel was no longer available or because alternative recipient vessels in the local vicinity were inadequate. The arteriovenous loops were created using a 20-to 40-cm segment of saphenous vein and anastomosed to the recipient artery and vein with the aid of a microscope. The anastomotic technique between the graft and the recipient vessel was end-to-end unless there was a greater than 2:1 size discrepancy. In these cases, an end-to-side anastomosis was performed. The arteriovenous loop was positioned under a preauricular skin flap with the tip of the loop usually extending to the zygomatic arch (Fig. 5 ). The loop was divided at its midpoint before microvascular anastomosis to the flap artery and vein. Reconstructions using arteriovenous loops were performed as a 1-stage operation in which the loop was created and divided at the time of flap reconstruction as well as a 2-stage operation in which the loop was created followed by division and anastomosis to the flap 1 week later. An arteriovenous loop was used in 6 patients, which included 3 1-stage and 3 2-stage operations.
Preparation of Recipient Vessels
Recipient vessels were prepared using 2.5-to 3.5-power loupe magnification. In general, a 2-to 3-cm segment of the artery and vein was isolated. The recipient vessels were assessed for caliber, quality, and compatibility with the flap vessels. In general, the minimum diameter of arteries and veins selected for microvascular anastomosis was 1 mm. The diameter of each vessel was assessed to ensure that an end-to-end anastomosis would be possible. When the vascular mismatch was significant (greater than 2:1), an end-to-side anastomosis was performed. Mild to moderate perivascular fibrosis after radiation therapy or previous surgery was not a contraindication for use; however, severe perivascular fibrosis was a contraindication. Most anastomoses were performed using 8 -0 or 9-0 nylon sutures placed in an interrupted fashion. The anastomotic coupler was used in 10 patients (MCA, Birmingham, AL). All arterial and venous anastomoses were end-to-end.
Pharmacologic regimens were used to facilitate patency of the microvascular anastomosis. These included an intravenous administration of 5000 IU of heparin (Wyeth Ayerst, Philadelphia, PA) 5 minutes before transecting the artery and vein of the flap. Four percent Xylocaine (AstraZeneca, Wilmington, DE) was used as a topical vasodilator before division of the recipient vessels. A dilute heparin solution (100 units per mL) was used as an intraluminal irrigant before the anastomosis. Postoperatively, some patients received Dextran 40 at 30 mL per hour for 3 days and some patients received subcutaneous injections of heparin while in the hospital. This decision was based on the surgeons' preference. In addition, 325 mg Ecotrin (GlaxoSmithKline, Pittsburgh, PA) per day was begun on postoperative day 1 and continued for 1 month.
Flap monitoring consisted of visual and auditory assessment. Visual evaluation included capillary refill, flap color, change in the volume of the flap (edema or congestion), and adherence of the skin grafts when used. Auditory evaluation included demonstration of an arterial and venous Doppler signal. Another method included evaluation of temperature using surface probes or the back of the hand. The implantable Doppler was not used. All flaps were monitored on an hourly basis for the first 48 hours and then every 4 hours while in the hospital. On recognition of impaired circulation, the patient was immediately transported to the operating room for exploration.
RESULTS
Risk factor review of the 102 patients demonstrated diabetes mellitus in 7 patients (6.8%), tobacco use in 28 (27.4%), immediate reconstruction in 79 (77%), delayed reconstruction in 23 (23%), radiation therapy in 24 (23.5%), arteriovenous loop in 6 (5.9%), and vein graft in 2 (2.0%). The specific recipient artery and veins selected are listed in Figures 1 and 2 . The arterial anastomosis was end-to-end in 97 patients (95%) and end-to-side in 5 (5%). The venous anastomosis was end-to-end in 91 patients (89%) and endto-side in 11 (11%). Thrombosis at the anastomosis occurred in 9 patients and required operative exploration. The thrombosis was venous in 8 patients and arterial in 1 patient. Of these, the recipient veins included the superficial temporal in 2 patients, facial in 2 patients, external jugular in 2 patients, The recipient artery was the superficial temporal. Total survival was obtained in 97 of 102 flaps (95%) with successful salvage in 4 of 9 flaps (44%) that required reoperation for thrombosis. Of the 5 flap failures, the etiology was venous thrombosis in 4 and arterial thrombosis in 1. Of these, the recipient veins included the superficial temporal, facial, and in 2 patients the external jugular, whereas the recipient artery included the superficial temporal. A significant association was demonstrated between flap failure and tobacco use (P ϭ 0.03) and use of an arteriovenous loop (P ϭ 0.03). No significant association was demonstrated between flap failure and prior radiation, the artery or vein selected, diabetes mellitus, interposition vein grafts, method of arterial or venous anastomosis, patient age, and timing of reconstruction. Tables 1 and 2 include the various factors and their association with anastomotic and flap failure.
Tobacco Use
Tobacco use was reported in 28 of 102 patients (28.4%). Of these, patency of the anastomosis was observed in 25 of 28 patients (89.3% good outcome). In the patients who did not report tobacco use, patency of the anastomosis was observed in 72 of 74 patients (97.3% good outcome). Flap failure was associated with tobacco use in 3 of 5 patients (60%, P ϭ 0.03). Odds ratio analysis demonstrated that tobacco use decreased the odds of success by 9.4 times when controlling for the other risk factors.
Arteriovenous Loop
An arteriovenous loop was used in 6 patients using the saphenous vein. The timing of the reconstruction was immediate in 1 patient and delayed in 5 patients. The recipient arteries for the loop included the superior thyroid (n ϭ 2), facial (n ϭ 2), posterior occipital (n ϭ 1), and superficial temporal (n ϭ 1). The recipient veins for the loop included the external jugular (n ϭ 2), superior thyroid (n ϭ 1), retromandibular (n ϭ 1), superficial temporal (n ϭ 1), and facial (n ϭ 1). The method of anastomosis was end-to-end for the 6 arteries, end-to-end for 4 veins, and end-to-side for 2 veins. The arteriovenous loop was created and divided in 1 
Method of Anastomosis
The venous anastomosis was end-to-end in 91 patients and end-to-side in 11 patients, whereas the arterial anastomosis was end-to-end in 97 patients and end-to-side in 5 patients. An association between flap failure and the method of venous anastomosis was observed in 1 of 11 patients after end-to-side anastomosis (90.9% good outcome) and in 4 of 91 patients after end-to-end anastomosis (95.6% good outcome). An association between flap failure and the method of arterial anastomosis was observed in 0 of 5 patients after end-to-side anastomosis (100% good outcome) and in 5 of 97 patients after end-to-end anastomosis (94.8% good outcome). The anastomotic coupling device was used in 10 patients with no observed failures. Statistical analysis demonstrated that a venous end-to-end anastomosis increases the odds of success by 3.4 times; however, this was not a significant difference when compared with end-to-side. There were no significant differences in patency when comparing methods of arterial anastomosis.
Prior Radiation
Radiation treatment before reconstruction was completed in 24 patients (23.5%). Patency of the anastomosis was demonstrated in all patients who had prior radiation (100% good outcome). Of the 78 patients who did not have radiation, patency of the anastomosis was maintained in 73 (93.6% 
Diabetes Mellitus
Diabetes mellitus was documented in 7 patients. Patency of the anastomosis was observed in all 7 patients (100% good outcome) after microvascular reconstruction. Of the patients who were not diabetic, patency of the anastomosis was observed in 90 of 95 patients (94.7% good outcome). These differences were not statistically significant.
Interposition Vein Grafts
Interposition vein grafts were used in 2 patients. These grafts were 6 and 10 cm in length and were used for both the artery and vein. Patency of the anastomosis was observed for all patients (100% good outcome). When no vein grafts were used, patency of the anastomosis was observed in 95 of 100 patients (95% good outcome). These differences were not statistically significant.
Patient Age and Indications for Surgery
Patient age and indication for surgery was analyzed. Within the subpopulation of patients who had a free tissue transfer after tumor resection, the mean age was 58.3 years (range, 10 -85 years) with an overall success rate of 96.1%. Within the subpopulation of patients who had a free tissue transfer after trauma, the mean age was 35.7 years (range, 14 -49 years) with an overall success rate of 92.3%. Within the subpopulation of patients who had a free tissue transfer chronic wounds or facial paralysis, the mean age was 38.5 years (range, 13-76 years) with an overall success rate of 92.3%. The mean age of the 5 patients with flap loss was 53 years (range, 32-74 years). These differences were not statistically significant.
Timing of Reconstruction
The timing of the reconstruction was immediate in 79 patients (77%) and delayed in 23 patients (23%). Patency of the anastomosis was maintained in 77 of 79 patients (97.5% good outcome) after immediate reconstruction and in 20 of 23 patients (87% good outcome) after delayed reconstruction. Statistical analysis demonstrates that immediate reconstruction increases the odds of success by 1.6 times; however, no significant difference was demonstrated.
DISCUSSION
Successful outcome after microvascular reconstruction of the head and neck has been reported to range from 93% to 99%. 19 -21,31,32 This success rate is dependent on 3 basic components that include the preoperative evaluation of the patient, technical aspect of the operation, and postoperative management. 33, 34 Although this article is focused on the selection of recipient vessels, the authors acknowledge that maintaining patency of a vascular anastomosis is not dependent solely on the selection of recipient vessels, but rather a comprehensive understanding of all factors and their interactions. Preoperatively, these can include proper patient selection and assessment of comorbidities. Intraoperatively, these can be related to the preparation of the donor and recipient vessels technique of anastomosis and proper insetting of the flap. Postoperatively, it is important to maintain hemodynamic stability and control the external milieu. Although all of these factors merit discussion, it was the intent of this study to analyze only those factors associated with the choice of recipient vessels.
There are a variety of factors that can influence the selection of recipient vessels. 1,2,17,34 -39 The factors that were evaluated in this study included patient age, diabetes mellitus, tobacco use, timing of reconstruction, prior radiation therapy, method of anastomosis, use of accessory venous conduits, and the recipient vessel selected. Of these, the only factors associated with flap failure were use of an arteriovenous loop and tobacco use. Explanations for these observations are based on analysis of the results and review of the literature.
The use of an arteriovenous loop in the head and neck has been previously described. 40 -44 These loops have been performed as 1-stage procedures in which the arteriovenous loop is created and divided at the time of the free tissue transfer and as 2-stage procedures in which the arteriovenous loop is created then followed by the free tissue transfer at a second operation. Angel et al. have reported on 11 patients following single-stage reconstruction using an arteriovenous loop. 42 In 3 patients, the reconstruction was in the head and neck of whom all had successful free tissue transfer. Sorensen et al. have advocated the 2-stage arteriovenous loop. 44 The median time from creation to division of the arteriovenous loop was 7 days. Patency of the loop was demonstrated in 7 of 9 patients (78%). Revision of the loop was successful in 1 of the 2 nonpatent loops. Taub et al., in an experimental model evaluating arteriovenous loops made of polytetrafluoroethylene, have evaluated the patency rate as a function of time. 41 The patency rate was 59% after 3 days of loop maturation, 79% after 5 days, and 80% after 7 days.
Specific reasons for failure of the arteriovenous loop in this study are difficult to explain because patency of the loop was not related to the length of the loop, choice of recipient artery or vein, whether the loop was performed in 1 or 2 stages, and method of anastomosis. However, factors that could have contributed to this occurrence include external compression, vascular spasm, and scar. The location of the principle artery and vein was the neck for 5 loops and the temporal region for 1 loop. Arteriovenous loops in the neck region are susceptible to external forces related to head rotation and compression from adjacent structures such as the parotid gland, mandible, or cheek flap. In 5 of the 6 loops, the reconstruction was delayed and the 2 failed loops occurred after delayed reconstruction.
The association between tobacco use and peripheral vascular disease involving the extremities has been well documented. 9 -11 However, an association between tobacco use and vascular disease in the head and neck is not well documented. Previous studies have demonstrated that tobacco use is not a contraindication for free tissue transfer in the head and neck with flap success rates that are similar to patients who do not use tobacco. 4, 30 In this study, tobacco use was associated with anastomotic failure in 3 of 5 flaps (P ϭ 0.03). Specific reasons for this observation include vascular spasm and increased thrombogenic potential. However, in 4 of the 5 anastomotic failures, the etiology was venous thrombosis. The possible effects of tobacco use on the venous system have not been well defined and warrant further study.
Factors related to the recipient vessels that were not associated with flap failure included patient age, timing of reconstruction, diabetes mellitus, method of anastomosis, prior radiation therapy, interposition vein grafts, and the specific artery or vein selected. Previous studies have evaluated many of these factors and demonstrated significant findings. Patient age has been demonstrated in most studies not to be a contraindication for free tissue transfer in the head and neck unless associated with multiple comorbidities. 6 -8 Bridger has demonstrated that in patients over 70 years of age who had free tissue transfer after ablative operations in the head and neck, the incidence of postoperative complications was not significantly different from the younger cohort of patients. 8 Serletti has demonstrated that it is the American Society of Anesthesiologists (ASA) status and the length of the operation that are significant predictors of postoperative morbidity. 6 Operations exceeding 10 hours were associated with a higher surgical complication rate (P Ͻ0.05) and patients with ASA scores of 3 or 4 experienced a higher medical complication rate (P Ͻ0.05).
The type of anastomosis (end-to-end vs. end-to-side) in the head and neck has been controversial. [23] [24] [25] Advocates of end-to-end anastomosis state that laminar flow is maintained and the incidence of thrombus formation is reduced. However, more recent reports have implied that end-to-side anastomosis does not increase the incidence of anastomotic failure and that blood flow rate is not significantly altered. 24, 29, 45, 46 Ueda has demonstrated that the incidence of thrombosis was 1.8% (15 of 835) after end-to-end anastomosis to various veins and 2.7% (3 of 113) after end-to-side anastomosis to the internal jugular vein. 24 There was no significant difference in the 2. Advocates of the end-to-side technique site additional benefits. 23, 29, 47 These include multiple anastomoses to a single vessel, overcoming discrepancies in vessel size, avoidance of vessel retraction, and that the internal jugular vein acts as a venous siphon through the actions of the respiratory muscles.
The effect of radiation on arteries and veins has been well documented. Perivascular fibrosis, endothelial damage, and microvascular occlusion can impair the quality of recipient vessels. 48 -51 However, clinical studies have demonstrated that prior radiotherapy in the head and neck does not adversely affect flap survival and anastomotic patency. 1, 16, 30, 52 More recent studies have further elucidated the anatomic and physiologic changes associated with effect of radiation on arteries and veins. Schultze-Mosgau demonstrated that the histologic changes of the vasculature after radiation are dose-dependent. 51 After radiation with 60 to 70 Gy, the histologic changes included intimal dehiscence, hyalinosis, and a decrease in the media area-to-total-vessel-area ratio. These changes were observed in the artery but not in the vein. When no radiation was administered or at a radiation dose of 40 to 50 Gy, these changes were not observed. Beckman et al. have demonstrated that external beam radiation impairs endothelial-dependent vasodilation of arteries that can contribute to the development of arterial occlusive disease. 48 The clinical significance of this phenomenon has not been determined, but could be related to slow recovery from vasospasm.
The use of interposition vein grafts is an effective means of increasing the length of the vascular pedicle. 26 -28,36,52,53 Early studies evaluating the use of interposition vein grafts for microvascular reconstruction in the head and neck demonstrated a 30% failure rate compared with a 5% failure rate when no interposition vein grafts were used. 27 More recent studies have demonstrated that there is no difference in survival after free tissue transfer with and without the use of vein grafts. 28 In a study of 340 patients, German has demonstrated that the incidence of flap survival with vein grafts (55 patients) and without vein grafts (275 patients) are equal (96.2% and 96.7%, respectively). However, the percentage of flaps requiring revision of the anastomosis is greater for free flaps with vein grafts than without (14.8% and 8.7%, respectively).
The adverse effects of diabetes mellitus are related to the microangiopathic changes that occur within the skin and muscle. Experimental studies using rats have demonstrated that the degree of intimal repair and endothelialization is lower in poorly controlled patients with diabetes that can lead to anastomotic failure. 13 However, when glycemic levels are well controlled, patency of the anastomosis is less affected. 12 Indeed, clinical studies have demonstrated that patients with diabetes mellitus are not at increased risk for flap failure, abnormal healing of the anastomosis, or intolerance to an ischemic challenge as long as normal glycemia is maintained. 14, 15 However, other studies have demonstrated that the combination of diabetes mellitus and tobacco use appears to result in increased morbidity. 11 The incidence of coronary artery disease and cerebrovascular accidents are increased; however, the effects on the vascularity in the head and neck are undetermined. In this study, 4 patients with diabetes
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Recipient Vessel Analysis mellitus and 3 patients with diabetes who also used tobacco exhibited no adverse sequelae related to anastomosis or flap. The results of this study have demonstrated that all vessels in the head and neck are potentially suitable for microvascular anastomoses. The only factors that were associated with flap failure included the use of arteriovenous loops and tobacco use. The authors recognize that these conclusions are based on 2 of 5 failures associated with arteriovenous loops and in 3 of 5 failures associated with tobacco use, and that these findings might be contrary to previously published reports. 4, 30, 42, 44 However, based on our population of patients, statistical significance was demonstrated. Our current practice is to use interposition vein grafts when pedicle length is insufficient and to restrict tobacco use before microvascular reconstruction in the head and neck.
